The effect of salt stress (NaCl) on shoot height (cm), root length (cm), dry and fresh weight (g), chlorophyll a and b, total chlorophyll (mg -1 ) and carotenoid amount was investigated in this study. In addition, the positive effects of Ca +2 (20 mM) were also investigated. Triticum durum Desf. Mirzabey, Kunduru-1149, and DH-6 and DH-8, derived from Kunduru-1149 using wide hybridization, were used as plant materials in this study. Arnon-Hoagland solution was used as food source for the plants and various NaCl concentrations (0, 50, 150 and 200 mM) and Ca +2 (as CaCl 2 ) were added to Arnon-Hoagland solution. The research was completed at the end of the fifth week and the effect of NaCl on the root length of genotypes was found to be significant (P<0.05). Ca +2 caused an increase in root length in all NaCl applications, except for the 200 mM NaCl, whereas shoot height decreased with increasing salt concentration, except for the 50 mM NaCl. This character also increased with Ca +2 application significantly. Dry and fresh weight of the plant decreased with increasing salt concentration. Ca +2 ameliorated dry and fresh weight of the plant at 50 mM NaCl in all the genoypes and NaCl doses, except for the Kunduru-1149 and DH-6. The highest increase in total chlorophyll amount was found in 50 mM NaCl + CaCl 2 in DH-8 (from 17.29 to 20.14 mg g -1 ). However, the rate of increase in the amount of carotenoid by the addition of Ca +2 was also determined for each genotype.
INTRODUCTION
A plant cell, which contains many essential elements in micro and macro amounts, does not need Na + ions. Na + and Cl -ions taken by plant roots from saline soils show toxic effects by blocking enzyme activity in cells. These ions accumulate in plant tissues and affect the growth and synthesis of cell pigments (chlorophyll and carotenoids) negatively (Taban et al., 1999; Duran et al., 2010) . Calcium affects plant development under salt stress positively, enhances membrane integration and provides selective control of ion uptake and transport (Lauchli, 1990) . Na + permeability of cell membrane can be decreased by Ca +2 and prevented by Na + accumulation, which is already taken by the cell with passive transport (Hoffman et al., 1989) . Reid and Smith (2000) investigated the limit of calcium effect on salt toxicity and reported that application of 150 *Corresponding author. E-mail: rezgiduran@gmail.com. Tel: 0090 246 211 41 52. Fax: 0090 246 237 11 06. mM NaCl on wheat (Triticum aestivum L.) reduced plant growth significantly, but improved plants when Ca concentration was added to the nutrient medium, thereby increasing it up to 2.34 mM. However, they also reported that increasing Ca to 10 mM did not affect growth. Also, Cramer (1992) investigated the effect of 10 mM Ca on the kinetic value of leaf length under the 75 mM NaCl condition and showed that Ca was more responsive on Dekalb hybrid XL75 genotype than Pioneer hybrid 3906 genotype in decreasing leaf elongation. Arshi et al. (2005) investigated the effect of NaCl and CaCl 2 on growth parameters, ionic relations and proline level of senna (Cassia angustifolia) plant in a pot culture experiment, using NaCl, CaCl 2 and the combined salt of NaCl + CaCl 2 . They showed that the combined treatments of NaCl + CaCl 2 applied at different stages reduced the biomass, but this reduction was less than the one observed with NaCl treatments alone. However, proline accumulation in the leaves was 8 times higher than that in the controls with a treatment of 160 mM NaCl + 10 mM CaCl 2 , whereas it was 5 times higher with NaCl alone. Other scientists reported similar results on the ameliorative effect of calcium (Kaya et al., 2007; Manivannan et al., 2007; Nedjimi and Daoud, 2009) .
Salinity and alkalinity are the important problems of Turkey's land, while salt accumulation in irrigated soils is one of the main factors that diminish crop productivity. In recent years, drainage problem has occurred due to increasing irrigation and the quality of irrigation water problems. Wheat is an important crop plant in Turkey. Therefore, to have information about salt tolerance of wheat genotypes is important in order to select genotypes for areas exposed to salt stress.
The effect of two different concentrations (100 and 200 mM) of sodium chloride (NaCl) on some quantitative and qualitative features in durum wheat genotypes (Mirzabey, Altin, Kunduru-1149, DH-6 and DH-8) was investigated in an earlier study by Duran et al. (2010) . In this study, the plants belonging to durum wheat genotypes (T. durum Desf. Mirzabey, Kunduru-1149, DH-6 and DH-8) were grown under salt stress conditions (50, 150 and 200 mM NaCl), supplementing it with Ca 2+ to determine genotype responses to Na-Ca relationship, following shoot height, root length, dry-fresh weight and chlorophyll-carotenoid amount.
MATERIALS AND METHODS
This study was carried out with four T. durum Desf. cvs., namely: Mirzabey, Kunduru-1149, DH-6 and DH-8. Mirzabey is a modern semi-dwarf genotype, while Kunduru-1149 is an old landrace, improved by selection. Seeds of these genotypes were obtained from the Field Crops Central Research Institute, Ministry of Agriculture and Rural Affairs in Ankara. DH-6 and DH-8 (doubled haploid = DH) were derived from Kunduru-1149 via wide-cross hybridization (Savaskan, 1997) . They are different genotypes and their differences are determined using the method of molecular genetic analysis by Hakki et al. (2001) .
The growth of donor plants
Seeds were sown in pots containing peat and then plants were kept in a plant growth chamber, belonging to the laboratory of Plant Tissue Culture and Biodosimetry, Department of Biology, Süleyman Demirel University, for 35 days, at 51 to 54% humidity and 18°C in 16/8 h photoperiod (12 klux). Arnon-Hoagland nutrient solution (NS) was used for the plants. Also, the treatment groups of NaCl (0, 50, 150 and 200 mM) and 20 mM CaCl2 were supplied to plants according to the application doses. The control group was supplied with only nutrient solution, while the application group was supplied with nutrient solution plus salt and Ca +2 as follows: 1) Control (0 mM NaCl + NS); 2) 50 mM NaCl + NS; 3) 50 mM NaCl + NS+ CaCl2 (20 mM); 4) 150 mM NaCl + NS; 5) 150 mM NaCl + NS + CaCl2 (20 mM); 6) 200 mM NaCl + NS; 7) 200 mM NaCl + NS + CaCl2 (20 mM
The doses of NaCl and CaCl2 were applied with NS after 10 days of sowing. The control group was supplied with only nutrient solution without any Na and Ca +2 treatments. Arnon-Hoagland solution was diluted three times before it was applied each time to the plants. Irrigation was preformed in regular periods of treatments. After 35 days of sowing, 10 plants were selected from each of the application groups and the root length and shoot height were measured, after which the dry and fresh weight was recorded. Also, the chlorophyll and carotenoid amounts were analysed.
Records of dry and fresh weight
Plants were harvested after seven weeks for fresh weight measurement and then kept in the dark for 24 h at 70°C for dry weight measurement (Al-Mefleh and Tadros, 2010) .
Measurements of root length and shoot height
Root length and shoot height of each plant for the four genotypes were measured with a ruler.
Determination of photosynthetic pigments
Chlorophyll-a and b and carotenoids were measured by extracting fresh leaf tissue (0,1 g) with potassium carbonate (KCO3) in 15 ml 80% acetone. Subsequently, the extract was put in a centrifuge tube, where 5 ml acetone was added and centrifuged at 3000 rpm for 5 min. The absorbance of the supernatant was read at 663, 645 and 450 nm, using a spectrophotometer (Jenway 6300) (Strain and Svec, 1966; Duran et al., 2010) . Chlorophylls a and b were calculated using the following formulae:
Where, D = absorbance, V = final volume of the 80% acetone and W = fresh weight of tissue extracted (0,1 g) (Witham et al., 1971) .
Statistical analysis
The experiment was established with a randomized complete block design, performed three times for each application group and SPSS 15.0 software programme was used for the statistical analysis. Means were compared with Duncan's multiple range test (Duncan's test).
RESULTS
Durum wheat genotypes showed differences significantly in all the treatment groups in this research (P<0.01) (Table 1) . Also, root length, shoot height, fresh weight and dry matter, carotenoids (P<0.05), total chlorophyll, and chlorophyll-a and -b amounts (P<0.01) of the genotypes were found to be significant statistically in all the NaCl treatment groups ( Table 1) . As it can be seen in Table 1 , interaction between genotypes and salinity (NaCl) was found to be important, except for the amount of carotenoids (Table 1 ) (P<0.01). Also, the relationship of salinity and calcium (Ca) functions in genotypes was found to be statistically important, as already investigated in all characters in this research (Table 1) .
The amounts of chlorophyll a and b decreased when the genotypes were treated with 50 mM NaCl (P<0.05) according to the control group (Figures 1 a and b) . In Table 1 . The variation analysis of plant characters belonging to durum wheat genotypes affected by treatment subject in this study. contrast, the value of these pigments increased again in all genotypes except in Kunduru-1149, when the genotypes were treated with 50 mM NaCl + CaCl 2 . The highest increasing amount of these genotypes in chlorophyll-a and -b was observed in DH-8, respectively ( Figure 1c ). In DH-8, chlorophyll-a was affected by salinity (11.16 mg g (Figure 3a) . In contrast, the treatment of 200 mM NaCl+ CaCl 2 ameliorated the amount of chlorophyll-a and -b importantly in all genotypes, except in Mirzabey statistically (P<0.01) (Figure 3b ). In the 200 mM NaCl + CaCl 2 group, an increasing amount of chlorophyll-a and -b was observed in Kunduru-1149. In this genotype, increasing results were found in chlorophyll-a and -b from 9.04 to 11.59 mg g -1 and from 4.24 to 6.05 mg g -1 , respectively (Figures 3a and b) . Negative effect of salinity in the amount of total chlorophyll was observed in all genotypes and was found statistically (P<0.05) ( Table 2 ). The highest total chlorophyll amount was found in DH-8 under salinity effect in the control group and in almost all the treatment groups (Table 2) .
Total chlorophyll amount was affected by Ca 2+ in all treatments, except in 150 mM NaCl + CaCl 2 and 200 mM NaCl + CaCl 2 in Kunduru-1149 and Mirzabey, respectively (Table 2) . Total chlorophyll was ameriolated by 150 mM NaCl + CaCl 2 treatment in DH-8 from 17.29 to 20.14 mg g -1 and for 200 mM NaCl + CaCl 2 treatment in Kunduru-1149 from 14.52 to 17.60 mg g -1 (Table 2 ). NaCl affected the amount of carotenoids in the genotypes negatively, but this situation was not found to be statistically important (Figure 4) . It was observed that Ca +2 reduced the negative effect of salinity stress on the amount of carotenoids in all the genotypes, except in DH-6 and Kunduru-1149 treated after 50 mM NaCl and also in Kunduru-1149 and Mirzabey after 150 mM NaCl treatments (Figure 4) .
The changes of root length and shoot height after treating genotypes with NaCl and CaCl 2 are shown in Tables 3 and 4 . Root length was found to be lower in all the genotypes after NaCl treatment than in the control group (P<0.05). Ca +2 had positive effect on root length in all the NaCl treatment groups, except for the highest level of NaCl treatment group (Table 3) ( Figure 5 ). It was also effective for shoot height in all the treatment groups significantly (P<0.01) in the genotypes (Table 4) .
As it can be seen in Figures 6 and 7 , fresh and dry weights of tthe plants reduced when the NaCl concentration increased in the treatments (P<0.05) in this study. The lowest value of fresh weight in plants was found in Mirzabey as 44.19%. Also, for the dry weight, the lowest amount of plant value was in Kunduru-1149 in the 200 mM NaCl treatment group (18.19%). Ca +2 ameliorated the damage of NaCl treatments in all the genotypes, except in Kunduru-1149 and DH-6 in the 50 mM NaCl salinity. The highest fresh weight of plant was found as 0.699 g/plant in 50 mM NaCl + CaCl 2 and the highest dry weight of plant was found as 0.117 g/plant in 150 mM NaCl + CaCl 2 treatment group.
DISCUSSION
Soil salinity is a major factor limiting plant productivity and affecting about 95 million hectares world wide (Szabolcs, 1994) . Saboora et al. (2006) warn that there is a dangerous trend of a 10% per year increase in saline areas throughout the world. There are areas, totaling 1,518,722 hectares in Turkey, which exist with salt and sodium (Rural Services General Management, 2006 Therefore, it is important to produce salt-resistant plants. In Turkey, the durum wheat sowing area of 13.35 million hectares, producing 3.74 million tons and 213 kg per hectare yield, also has an important position (Anonymous, 2009) . Turkey is one of the major producer countries of durum wheat. There is approximately 30% of durum wheat in the total wheat planting area. After the 1990s, this rate fell significantly and decreased to around 15% in 2007 (Anonymous, 2007) . Reasons for this decrease are that salty areas increased rapidly and the production of high yielding bread wheats which have the ability of better adaptation. Therefore, determining salttolerant genotypes of durum wheat is very important.
Many researches have considered that Ca 2+ play a nursery role in plants for salt stress conditions, affecting ion transportation in cells and protecting the cell membrane. Jaleel et al. (2007) stated that salinity could be an inhibition of root development by altering the external water potential and increasing ion toxicity and instability in plants. As it can be seen in Tables 3 and 4 of this study, 50, 150 and 200 mM doses of NaCl were importantly hazardous to the root development of durum wheat plantlets statistically. However, negative effects of NaCl were reduced by Ca addition and following this procedure, the length of root increased again in 50 and 150 mM doses of NaCl treatments significantly. Also, in 200 mM dose of NaCl treatment, only the roots of Kunduru-1149 were lengthened by addition of Ca. In a previous study conducted by Manivannan et al. (2007) , they observed that root length and shoot height of mung bean (Vigna radiata) were much more longer in the combination of NaCl + CaCl 2 treatment than in NaCl and/or CaCl 2 treatments. Reduction of shoot height in various plants using NaCl was reported by many researches (Meneguzzo and Navarilzzo, 1999; Meloni et al., 2004) . In this study, the treatment group of 50 mM NaCl increased shoot height slightly when compared with the control group. Sotiropoulos and Dimassi (2004) reported that it might be possible to increase shoot height in plants with low level of NaCl treatment. Also, Flowers and Lauchlii (1983) supported the idea mentioning that positive effect of low level dose of NaCl in shoot height could be reasoned from osmolarity. In this study, plant shoot height was reduced in the treatment groups of 150 and 200 mM doses, while it increased importantly after using Ca in durum wheat genotypes (Table 4) . This increase had also observed by Khavari-Nejad and Chaparzadeh (1998) in their previous study about Medicago sativa, by Manivannan et al. (2007) for V. radiata and Jaleel et al. (2008) for Phyllanthus amarus.
Researches about salinity in crop plants were commonly focused on the photosynthetic system in plants. Arzani (2008) found that the net photosynthesis rate and growth of plant reduced because of salinity. Misra et al. (1997) and Munns et al. (2002) also found that various parameters about photosynthesis, such as the potential of leaf moisture, the composition of pigment, the heat of leaf and the relative water content of leaf, were changed by salinity. *The values that are followed by the same letter do not differ statistically at a significance level of 5% (P<0.05). The amount of photosynthetic pigment (chloroplast) is affected by the many physiological and environmental factors. The amount of chlorophyll is one of the very important parameters for determining salt stress in plant development. Chlorophyll amount has been reduced in high concentration of salinity treatments according to the control groups in muskmelon (Franco et al., 1993) , bean (Gadallah, 1999) and in tomatoes (Toffouo et al., 2010) . In this study, total chlorophyll amount decreased signifi-cantly in all the durum wheat genotypes and NaCl applications under salt stress (Table 1) .
The disruption of metabolic activities under salt stress, affects the chlorophyll activation negatively, because it reduces the uptake of macronutrient elements, such as Ca, K, N, P and Mg. Both parameters that are related with the total chlorophyll and carotenoids were reduced in the NaCl treatment groups significantly; however, Ca 2+ alleviated the negative effects of NaCl on the (Figure 3) . The highest amelioration with the amount of total chlorophyll of Ca 2+ was found in DH-6 as 16.48% (using 50 mM NaCl + CaCl 2 ), while in DH-8, it was found as 11.98% (using 150 mM NaCl+ CaCl 2 ) and in Kunduru-1149, it was found as 32.75% (using 200 mM NaCl+ CaCl 2 ) ( Table 2 ). Various nursery effects were found in genotypes of Ca 2+ , but the highest rate of nursery was observed in DH-8. Kaya and Higgs (2003) stated that KNO 3 supplied the amounts of K, as well as the chlorophyll content, in leaves and roots and alleviated the stress parameters in bell pepper. Ebert et al. (2002) reported that the chlorophyll content of guava leaf (Psidium guajava L.) was lower in 60 mM NaCl than in 30 mM NaCl treatment, while the chlorophyll concentration and photosynthesis rate increased when they added Ca(NO 3 ) 2 to the treatment. This increase in plants was 143% under 30 mM NaCl stress and 10 mM Ca(NO 3 ) 2 treatment group. Whittington and Smith, (1992) stated that external application of high doses of calcium, reduces the permeability of cell membranes against Na + and so prevents the accumulation of sodium by passive transport in the cell and plant. Yeo and Flowers (1983) stated that application of potassium increased the chlorophyll pigment in the young leaves of plants under saline conditions. As such, we thought that calcium showed the same effect in this study.
In photosynthetic organisms, carotenoids play a vital role in the photosynthetic reaction centre. They either participate in the energy-transfer process, or protect the reaction center from auto-oxidation. However, salinity caused a decrease in the carotenoids content of plants. In this study, the maximum amelioration of the carotenoid content with Ca 2+ was found in all NaCl application groups in DH-8.
Many researchers reported that salinity significantly reduced dry and fresh matter accumulation in various plants (Irshad et al., 2002; Ghoulam et al., 2002; Da gan et al., 2002) . Reduction in dry weight reflects the increased metabolic energy cost and reduced carbon gain. It also reflects salt impacts on tissues (Karimi et al., 2005) reduction in photosynthetic rates (Ziska et al., 1990; Ashraf, 2004) and attainment of maximum salt concentration obtained by the fully expanded leaves (Hu et al., 2000) . Ca 2+ application partially resulted in the amelioration of adverse effects of high NaCl in sorghum growth, despite the fact that supplemental effect of Ca 2+ increased osmolality in a study on salinity-calcium interactions on corn (Cramer, 1992) . Similar results were obtained in this study and Ca ameliorated the negative effect of NaCl on the dry and fresh weight of the plant. The results showed that there was clear effect of salinity concentration on the plant growth and pigment contents of durum wheat genotypes. It was observed that the high levels of salinization induced a significant decrease in the contents of pigment fractions (chlorophyll a and b) and consequently, on the total chlorophyll content, dry and fresh weight, shoot height and root length as compared with the control plants. However, Ca 2+ alleviated the negative effects of NaCl on these parameters considered in this study. Although this improvement was seen at varying rates for each genotype, the most tolerant and most positive effect of Ca +2 was thought to occur in DH-8.
